Background-Patients with schizophrenia have a decreased ability to interpret the intentions of other individuals, called Theory of Mind (ToM). As capacity for ToM normally advances with brain maturation, research on ToM in individuals at heightened clinical risk for psychosis may reveal developmental differences independent of disease based differences.
Introduction
Theory of Mind (ToM) is the ability to make inferences about others' thoughts and intentions; it has been studied in developmental disorders characterized by social deficits, such as autism and schizophrenia (Frith, et al., 1999) . First-order ToM is the ability to understand that someone can have an inaccurate mental representation of events based on incomplete knowledge (Wellman, et al., 2001) . Second-order ToM is the ability to infer deception e.g. the false belief of one individual about the belief of a second individual (Miller, 2009) . First-and second-order ToM are assessed using false belief cartoon tasks (FBT's) and are normally achieved by ages 5-6. More complex ToM includes the comprehension of indirect speech as in irony and metaphor, assessed using the Strange Stories Task (Happe, 1994) , which continues to develop throughout childhood and adolescence, as well as the recognition of subtle affect via inference of mental states from looking at an individual's eyes, assessed using the "Reading the Mind in the Eyes" Task ( Baron-Cohen, et al., 2001) . Unlike the false belief tasks these higher order ToM tasks continue to develop and mature through adolescence (O'Hare, et al., 2009) , Kaland et al., 2008.) Meta-analyses show large effect sizes for ToM deficits in schizophrenia (e.g. false belief (D = 1.1 -1.4), indirect speech (D = 1.0 -1.1) and emotion recognition (D = 0.9)), which are associated with disorganized symptoms and IQ, but unrelated to age, sex, education or antipsychotic exposure (Bora, et al., 2009; Sprong, et al., 2007) , findings replicated in recent individual studies (Abdel-Hamid, et al., 2009 ). These deficits in ToM occur as early as the first episode of psychosis i.e. indirect speech comprehension related to IQ (Bertrand, et al., 2007) and affect recognition (Eyes Task) (Kettle, et al., 2008) . However, it is unclear if ToM deficits exist in youths at heightened clinical risk for psychosis. When using first and second order ToM tasks, one study found none of the age matched groups (CHR, schizophrenia patients, and healthy controls) differed on performance, i.e. all subjects (including schizophrenia patients) performed at ceiling level (Brüne, et al., 2011) . Using developmentally higher order tasks, one study found deficits in both the detection of deception (second-order FBT) and in understanding indirect speech (Happe's Strange Stories Task) , which were associated with full-scale and verbal IQ . However, in a second study, there were no deficits in affect recognition (the Eyes Task) in a large cohort of CHR patients (n = 88), as compared to an older comparison group and schizophrenia patients (Couture, et al., 2008) .
The current study aimed to comprehensively evaluate ToM (first-and second-order FBT's, the Strange Stories Task, the Eyes Task) in young CHR patients, as compared to an ageappropriate "young adult" control group, both well-characterized in terms of symptoms, cognition and social function. A small sample of schizophrenia patients and an "older adult" control group were also included for comparison, i.e. to examine whether hypothesized differences between at risk individuals and their age appropriate controls were similar to differences in ToM performance between schizophrenia patients and their age appropriate controls. Secondarily, we investigated whether differences between CHR and healthy subjects were due to developmental differences, as the CHR group and its controls were significantly younger than the schizophrenia patients and their controls. It was hypothesized that across groups, ToM deficits would be related to IQ, as has been found in schizophrenia (Bora, et al., 2009; Sprong, et al., 2007) , CHR patients and even in genetic high risk cohorts (for the Hinting Task) (Janssen, et al., 2003; Marjoram, et al., 2006) .
Methods

1. Participants
Clinical high risk (CHR) patients and comparably aged "young" normal control participants were participants in the Center of Prevention and Evaluation (COPE), a "prodromal" research program at NYSPI at Columbia. Recruitment and ascertainment relied on clinician referrals, Craigslist (a centralized network of online communities, featuring online advertisements with sections devoted to jobs, pooling a wide variety of potential volunteers), the COPE program website and the mailing of brochures. Clinical high risk (CHR) patients were help-seeking individuals ages 12-30 (Corcoran, et al., 2008) who met criteria for being at heightened clinical risk for psychosis using the Structured Interview for Prodromal Syndromes/Scale of Prodromal Symptoms (SIPS/SOPS; (Miller, et al., 2003) ). Exclusion criteria included any major medical or neurological disorder, IQ < 70, significant risk of harm to self and others, an inability to speak English, and "prodromal" symptoms occurring solely in the context of substance intoxication or withdrawal. Additional exclusion criteria for healthy controls included any current Axis I disorder within the past two years, as assessed by structured diagnostic interview, and any personal or familial (first degree relative) history of psychosis.
The Diagnostic Interview for Genetic Studies (Nurnberger, et al., 1994) was used for patients (to exclude any history of psychotic disorder) and for control participants over age 18 (to exclude any Axis I disorder in the past two years). The Schedule for Affective Disorders and Schizophrenia for School-age Children -Present and Lifetime version (KSADS-PL) (Kaufman, et al., 1997) was used to evaluate exclusion diagnoses for CHR patients (any psychotic disorder diagnosis) and healthy controls (any Axis I disorder in the past two years) who were younger than 18. The SIPS/SOPS, DIGS and KSADS-PL were all administered by masters level researchers; interrater reliability for all measures and diagnoses was >.70.
Schizophrenia and schizoaffective patients, and comparably aged "older" healthy comparison subjects, were recruited through the Lieber Schizophrenia Research Program at the New York State Psychiatric Institute. Diagnoses were established using the Diagnostic Interview for Genetic Studies (Nurnberger, et al., 1994) . Patients were evaluated while clinically stable (i.e. no medication changes for four weeks with stable symptoms) (Rosenfield, et al., 2010) . This older comparison group was recruited primarily through the use of fliers posted in the medical center and community. Exclusion criteria again included medical disorder, low IQ, and clinical acuity, and for controls, any Axis I disorder within the past two years. The Diagnostic Interview for Genetic Studies (Nurnberger, et al., 1994 ) was used to determine diagnoses for patients (schizophrenia or schizoaffective disorder) and for control participants (to exclude any Axis I disorder in the past two years).
Both studies were approved by the Institutional Review Board at NYSPI and Columbia University. For both sets of subjects, participants 18 and older provided written informed consent after they were evaluated for capacity. Participants younger than 18 provided written assent with written informed consent provided by a parent.
Measures
Theory of Mind Tasks (Studies 1 and 2)-
The first-order false belief "Apple Task" (figure 1; courtesy of Baron-Cohen) is a cartoon task that queries whether an individual could know that an object had been moved in his absence. The second-order false belief "Refrigerator Task" (figure 2; courtesy of Baron-Cohen) is a cartoon task that adds in the recognition of deception. The first-and second-order false belief task stories were read to the subjects as they viewed the cartoons. The Strange Stories Task (Happe, 1994) is a verbal task that involves advanced inference and an appreciation of a higher level of cognitive function in others, i.e. telling white lies, sarcasm, pretending (figure 3). After reading each of twelve vignettes aloud, participants were asked if the protagonist was truthful or not and why he or she would say what was said. Scoring relies on giving an inferential response and whether the inference was plausible. The Eyes Task ( Baron-Cohen, et al., 2001 ) is a forced choice mental state recognition task in which participants examine 37 black and white photos of pairs of eyes, one page for each pair of eyes (figure 4). Participants select one of four words surrounding the pair of eyes, which they believe best describes what the person with those eyes is thinking or feeling. They have free access to word list definitions should they not understand a choice. Of note, none of these ToM tasks were timed during administration.
Neuropsychological
Measures-CHR patients and young healthy controls were assessed for:
1. IQ, using the Wechsler Adult Intelligence Scale-Revised (WAIS-R) for subjects 18 and older (Arithmetic, Vocabulary, Picture Arrangement, and Block Design) (Wechsler, 1981) ; and the Wechsler Intelligence Scale for Children-Third Edition (WISC-III) (Wechsler, 1991) for participants ages 12 through 17 (verbal and performance IQ);
2. Explicit memory, using the Wechsler Memory Scale (Russell, et al., 1975) (immediate and delayed verbal recall and visual memory).
Clinical Measures-"
Prodromal" symptoms were assessed using the SIPS/SOPS (Miller, et al., 2003) by raters with interrater reliability of kappa= 1.00 for CHR category and ~.7 to .9 ICC's for dimensional ratings of positive and other symptoms. Social function was assessed using the Social Adjustment Scale-Self Report (SAS-SR) with a global score calculated according to its manual (Weissman, et al., 1976) . Questions from the SAS-SR were read aloud to participants (Corcoran et al., 2010) .
Schizophrenia patients' symptoms were assessed by trained clinical raters with the Positive and Negative Syndrome Scale (Kay, et al., 1987) ; as for interrater reliability, kappa's were > .85 for diagnosis and > .75 for individual symptom ratings.
Data Analysis
Data were analyzed using SPSS for Windows (version 17.0). Group means and proportions for demographics (age and sex) and for ToM assessments were compared for each of the patient subgroups with their respective control groups, using Standard t-tests and chi-square tests. Any identified demographic differences were then included in further analyses. Thewas set at .05 for hypothesized deficits in ToM tasks for each patient group compared to its respective comparison group and for associations of ToM task performance with IQ (controlling for age, sex and diagnosis; examining by subgroup and in the combined dataset from both studies).
Results
Sample
The participants (CHR patients, "young controls"; schizophrenia patients, older controls) are described in terms of demographics and ToM performance in Table 1 .
The CHR patients were comparable in age and cognition to the young adult comparison group, but had significantly more males. (In the combined group of CHR patients and younger comparison individuals, there was no difference between males and females in age or IQ.) As expected, the CHR patients had greater symptom severity (rarely endorsed by controls) and relative impairment in social function, even controlling for sex (i.e. p < .001).
(Of note, years of education completed were not evaluated for these younger participants, as many were still in school.)
Schizophrenia patients were comparable in age, sex and completed education (~ 2 to 3 years education beyond high school) to the older adult comparison group, who were not characterized in terms of symptoms or cognition.
Theory of Mind performance
Errors in false belief tasks were made primarily by patients i.e. for first-order tasks, 21% of CHR patients and 23% of schizophrenia patients, though the results were not significantly different (Table 1) . Commission of errors on the first-order false belief task was unrelated to sex or age, but associated with lower verbal IQ, in both CHR patients (t 38 =2.7, p<.001) and in schizophrenia patients (t 3 =4.8, p<.02).
CHR patients had comparable high-order Theory of Mind as their younger comparison group, even accounting for sex: i.e. for Strange Stories Task, p = .20; Eyes Task, p = .47. By contrast, schizophrenia patients had impaired performance in higher-order ToM tasks, as hypothesized, as compared to their comparison group (Table 1) , also in analyses accounting for sex: Strange Stories Task (diagnosis: β(SE) = −5.3(1.8), p = .007); Eyes Task (diagnosis: β(SE) = −3.9 (1.9), p = .04). Task performance on the high-order ToM tasks were not normally distributed for each group. Examination of all four groups shows that the two younger groups (CHR patients and the younger controls) had performance intermediate to that of the poor performance of schizophrenia patients and the superior performance of older adults (Table 1) . Of note, there were no associations of age or sex in either study with performance on these higher-order tasks.
Associations between Theory of Mind performance and IQ (Studies 1 and 2)
General linear models were created for the combined dataset for each ToM task to determine its associations with IQ, while controlling for age, sex and diagnosis (i.e., CHR, schizophrenia, and younger controls only as IQ scores were not obtained for the older comparison group). IQ was a statistically significant predictor of performance for every ToM task, whereas age and sex bore no relationship to any ToM domain, and diagnosis was no longer relevant when IQ was considered in these models (Table 2 ).
These associations of ToM with IQ held when similar analyses were done within subgroups as well, i.e. in CHR patients, both full-scale (and verbal) IQ predicted performance on the Strange Stories (p's = .01) and Eyes Tasks (p's = .002), controlling for age and sex (data not shown).
Educational achievement was associated with performance on the Strange Stories Task (Spearman ρ = .69, p < .02) only (and not the Eyes Task) in the combined older group of schizophrenia patients and their older comparison group (for whom IQ scores were not available).
Regression models for explicit memory comparable to those constructed for full-scale and verbal IQ (with age, sex and diagnosis added) showed no association of explicit memory with ToM performance in the combined cohort of 100 (schizophrenia patients, CHR patients, younger controls).
Associations of Theory of Mind performance with symptoms and social function in CHR patients
Exploratory correlational analysis of the CHR cohort showed no association of any "prodromal" symptom domain (positive, negative, disorganization and general) with performance on any of the four ToM tasks (first-and second-order FBT's, Strange Stories Task, the Eyes Task), even when using an alpha of .05 that was uncorrected for multiple testing. Although there was a relative impairment in self-reported social function in CHR patients, there was no association between any measures of ToM and social impairment inthe CHR group, even in analyses which controlled for sex and age (data not shown). None of the ToM measures predicted conversion to psychosis (data not shown).
Discussion
Main findings
This study employed four ToM tasks of escalating difficulty in CHR and schizophrenia cases and in two age-appropriate comparison groups, which were separately ascertained in concert with the respective patient groups. The main finding was that only schizophrenia patients (but not CHR patients) had relative deficits (as compared to age-appropriate controls) in performance of higher-order ToM tasks, which test the appreciation of subtle mental states (Happe, 1994) and subtle facial affect recognition ( Baron-Cohen, et al., 2001) . The inclusion of a younger control group was instrumental, as an apparent deficit would have been wrongly concluded for the CHR patients had they simply been compared to the older comparison group. In fact, for the two higher-order tasks, both CHR patients and their young comparison group had observed performance intermediate to that of adult controls (best) and of schizophrenia patients (worst), consistent with higher-order ToM not being fully developed until adulthood (Blakemore, 2008) . This finding replicates the work by (Gibson, et al., 2010) where no Eyes performance difference was found between genetic high risk individuals and age matched controls even younger than this group This is consistent with imaging studies which demonstrate differential (increased) brain activation in adolescents vs. adults during mentalizing tasks, specifically the medial prefrontal cortex during ToM tasks involving irony and intentional causality, and the anterior cingulate cortex during facial affect recognition (Blakemore, 2008) .
The absence of a relative deficit in higher-order ToM tasks in CHR patients is consistent with a previous study by Couture and colleagues, which found no differential performance from controls using the Eyes Task in similarly aged CHR subjects (Couture, et al., 2008) and younger genetic at risk teens (Gibson et al 2010) and no association with symptoms (Couture, et al., 2008) . We replicated their findings for the Eyes Task using a measure which specifically probes prodromal, specifically attenuated positive, symptoms (Miller, et al., 2003) and with a control group more closely matched in age. By contrast, our finding that an appreciation of subtle social inferences was equally underdeveloped in CHR patients and healthy younger controls stands in contrast with the findings of Chung and colleagues, who found lower scores on the same Strange Stories Task in a CHR cohort as compared with a comparison group matched for IQ and age . (The mean IQ of ~110 and mean age of ~21 to 22 among subjects in the study by Chung and colleagues was quite similar to that in the current study.) Our lack of a finding of deficit for the Strange Stories Task was likely not due to Type 2 error: mean performances on this task by high-risk patients (32.1 (SD 5.2) and their age-appropriate controls (33.7 (SD 3.8)) in our study were nearly identical to one another. Disparate findings from Chung et al could be accounted for by differences in the samples (their sample was more balanced in terms of sex and included some controls who were within "the social networks of hospital staff members") or methodology (their Strange Stories Task had been translated into Korean and accounted for "relative cultural differences"; scoring strategies vary widely for this task). Further studies of subtle affect recognition in CHR patients may clarify whether a deficit exists, though for this there are also disparate findings (negative - (Pinkham, et al., 2007) ; positive - in similarly characterized "clinical high risk" cohorts (though IQ unknown) for related measures of face emotion identification and discrimination (Kerr, et al., 1993) .
As for lower-order ToM performance, which assesses false beliefs, errors were made in our study only by patients -both schizophrenia and CHR -with a mistake made by only one of the healthy controls. This is consistent with the extant literature on schizophrenia as well as the findings of impaired performance on false belief tasks among CHR patients and in genetic high risk individuals with symptoms (Marjoram, et al., 2006) . The one study that did not find deficits on deception (also a low order ToM task) in CHR compared to healthy controls, was performed in an older cohort, and the schizophrenia patients did not differ from controls either (Brüne, et al., 2011) , i.e. all subjects performed at ceiling levels. Our replicated finding of error commissions by CHR patients merits further investigation, as first-and second-order false belief ToM is normally achieved before ages 5 to 6, i.e. before the onset of the prodrome (Miller, 2009; Perner, et al., 1985; Wellman, et al., 2001; Wimmer, et al., 1983) . However, studies from cognitive neuroscience show the interaction between ToM and executive function continues to develop in late adolescence (Dumontheil, et al., 2010) . Of note, in both CHR and schizophrenia patients, subjects who made errors on these false belief tasks had lower verbal IQ than those who did not. Furthermore, while performance levels may not differ, brain function may differ, as has been found in CHR on low order ToM tasks with fMRI (Brüne, et al., 2011) .
As hypothesized, we found an association of all levels of ToM with intelligence (in particular verbal IQ) independent of diagnosis, controlling for age and sex, consistent with previous meta-analyses (Bora, et al., 2009 ). This strong association of ToM with verbal intelligence evident in both schizophrenia (and its risk states) has been hypothesized to be due to overlapping neuroanatomy (Bora, et al., 2009 ), though could also be a function of the verbal and/or executive function demands intrinsic to the ToM measures commonly employed. By contrast with IQ, symptoms were unrelated to Theory of Mind in the CHR cohort, consistent with the prior study by Couture and colleagues in 2008 . No association was found for ToM with specifically disorganization symptoms, as has been demonstrated for schizophrenia in meta-analysis (Sprong, et al., 2007) , although this may be due to the low level of these symptoms in the CHR patients in our study. Finally, ToM performance was unrelated to the marked social impairment which characterizes this and other CHR cohorts (Ballon, et al., 2007; Cannon, et al., 2008; Corcoran, et al., 2010; Cornblatt, et al., 2007; Shim, et al., 2008; Velthorst, et al., 2009 ), which might be expected given the finding of lack of association of ToM with social function in patients with schizophrenia (Badan, et al., 2008) . The presence of an association of ToM with IQ and not with social function suggests there may be other social cognitive impairments beyond mentalizing which underlie the marked social dysfunction seen in schizophrenia and its risk states.
Considering the absence of a testable developmental deficit in ToM in CHR patients and the presence of ToM deficits in schizophrenia patients, longitudinal studies would be helpful in understanding how ToM evolves, whether there is a failure to continue to develop ToM in CHR patients who convert to psychosis or if there is a decline in ToM performance with the onset of the illness. Such studies could provide insight into changes in brain function with the disease process. However, ToM performance does not appear to be an appropriate screening tool or marker or transition to psychosis and may not be useful for intervention development at this time.
Limitations
The relatively small sample of 63 CHR patients is such that Type 2 error may account for the lack of finding of significant ToM deficits in high risk patients, or its correlates in terms of symptoms, cognition and function. In addition, t-tests may be sensitive to the unbalanced groups. Further, the use of Craigslist to ascertain younger normal controls could have obscured a real deficit in the CHR cohort in Theory of Mind, as their performance on the Eyes Test (25.4 (SD 4. 8)) is lower than what has been observed for other "normal" individuals: mean score 28.1 in 15-year-olds (Kaland, et al., 2008) and mean score 28.0 in college students (mean age of 20.8) (Baron-Cohen, et al., 2001) . However, the performance of our Craigslist controls is similar to that observed in an older (mean age 46.5) "general population" sample i.e. mean score 26.2 ( Baron-Cohen, et al., 2001) . Also, the Craigslist cohort had average IQ, negligible prodromal types of symptoms, and intact social and global function. Other limitations include the incomplete characterization and smaller sample sizes of the schizophrenia patient and older control subgroups, and the relative excess of males among younger subjects, particularly among CHR patients (although sex was unrelated to ToM, age and IQ).
Finally, this study is largely cross-sectional, as is true of nearly all previous studies of ToM in both schizophrenia and CHR cohorts; only a longitudinal study will begin to clarify the role of ToM in evolving symptoms and functional impairment in emerging psychotic disorder, relevant as deficits in ToM are more clearly evident in first episode psychosis cohorts (as compared to CHR cohorts). Also, the current study employed traditional measures of ToM; future studies in CHR patients could also utilize newer measures of mentalizing developed by cognitive neuroscientists, such as the "Moving Shapes" computerbased paradigm, which shows impairment within first episode schizophrenia patients related not only to verbal IQ and memory but also to concurrent positive symptoms (Koelkebeck, et al., 2010) .
Conclusions
Deficits in ToM were not evident in this study of 63 CHR patients, as compared to young adults similar in age and IQ, who had few symptoms and good social function. Further, ToM at all levels was strongly associated with IQ across patient and comparison groups, consistent with prior findings, and bore little or no association with symptoms or function. . 
